In this paper, optimal homotopy asymptotic method (OHAM) is applied to solve system of Fredholm integral equations. The effectiveness of optimal homotopy asymptotic method is presented. This method provides easy tools to control the convergence region of approximating solution series wherever necessary. The results of OHAM are compared with homotopy perturbation method (HPM) and Taylor series expansion method (TSEM).
Introduction
Many approximate analytical methods have been applied to solve nonlinear problems such as Adomian decomposition method (ADM) [1, 28, 3] , variational iteration method (VIM) [4, 5, 6] , homotopy analysis method(HAM) [7, 8] , homotopy perturbation method (HPM) [9] - [15] and Taylor series expansion method (TSEM) [16] . In recent years, application of optimal homotopy asymptotic method in linear and nonlinear problems has been developed by scientists and engineers [17] - [25] , because this method continuously deforms the difficult problem under study into a simple problem which is easy to solve. This method provides us with a convenient way to control the convergence of approximation series and it has validity and great potential for solving nonlinear problems in science and engineering. The paper is presented in four sections. Section 2 contains the analysis of OHAM for system of Fredholm integral equations. Examples are expressed in Section 3, and conclusion is in Section 4.
Analysis of OHAM for system of Fredholm integral equations
Numerical techniques for integral equations have been studied extensively by many researchers such as [3, 6, 8, 10] and [26, 27, 28] . Consider the following system of Fredholm integral equations [14] U(x) = G(x) + In Eq. (2.1,) the functions K and G are given, and U is an unknown vector function. We assume that the system (2.1) has a unique solution. Consider the i th equation of (2.1)
By optimal homotopy asymptotic method [17] - [25] , we construct homotopy: H i (u i (x, p); p) : R × [0, 1] → R for (2.3) which satisfies
where 6) and p ∈ [0, 1] is an embedding parameter. The embedding parameter p monotonically increases from zero to unit as the u i (x, 0) = u i,0 is continuously deformed to the u i (x, 1) = u i (x), and the auxiliary function H(p) is in the form:
where c 1 , c 2 , · · · are constants to be determined. H(p) can be expressed in many forms as reported by V. Marinca et al. [17] . According to optimal homotopy asymptotic method, we assume that the solution of (2.3) can be expressed in a series of p
Substituting (2.8) into (2.4), we have 9) and equating the coefficients of the same powers of p, we have the zeroth order problem:
The first order problem is given by
The general governing equations for u ik (x), i = 1, 2, · · · , n, are given by
It has been observed that the convergence of the series (2.8) depends upon the auxiliary constants c 1 , c 2 , · · · . If it is convergent at p = 1, one has
The result of the m th order approximations are given by
Substituting (2.14) into (2.3), it results the following residual for i = 1, 2, · · ·
will be the exact solution. Generally, it dose not happen, especially in nonlinear problems. In order to find the optimal values of c i , i = 1, 2, 3, · · · , we first construct the functional 16) and then minimizing it, we have
With these constants known, the approximate solution (of the order m) is well determined.
Examples
Example 3.1. Consider the following system of Fredholm integral equations [16] . The exact solution is u 1 (x) = x 2 and u 2 (x) = −x + x 2 + x 3 . By using optimal homotopy asymptotic method, we have Substituting (3.19) and (3.20) into (3.18 ) and with the procedure described in Section 2 on the domain between 0 and 1, using the residual, we have; 
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. Consider the following system of Fredholm integral equations [14]
{ u 1 (x) = g 1 (x) + ∫ 1 0 (x − t) 2 u 1 (t)dt + ∫ 1 0 (x − t) 3 u 2 (t)dt, u 2 (x) = g 2 (x) + ∫ 1 0 (x − t) 3 u 1 (t)dt + ∫ 1 0 (x − t) 5 u 2 (t)dt,{ R 1 (x) = u 3 1 (x) − g 1 (x) − ∫ 1 0 (x − t) 2 u 3 1 (t)dt − ∫ 1 0 (x − t) 3 u 3 2 (t)dt, R 2 (x) = u 3 2 (x) − g 2 (x) − ∫ 1 0 (x − t) 3 u 3 1 (t)dt − ∫ 1 0 (x − t) 5 u 3 2 (t)dt.(3.
Conclusion
In this paper, we have shown that optimal homotopy asymptotic method can be successfully used for solving the system of Fredholm integral equations. Comparison of the result obtained by the present method with that obtained by Taylor-series expansion method shows that OHAM is in excellent agreement with the exact solution. Thus it is concluded that OHAM is a reliable and efficient technique for finding the solution of integral equations system rather than HP and TSE methods.
